The common complaint of headache usually has a benign cause, most often a primary headache syndrome. The history and neurologic and general physical examinations usually permit a definitive diagnosis. When in doubt, diagnostic testing is indicated. Certain historical and examination findings increase the likelihood of a secondary headache disorder and the need for diagnostic testing. These include (1) recent head or neck injury; (2) a new, worse, worsening, or abrupt onset headache; (3) headache brought on by Valsalva maneuver or cough; (4) headache brought on by exertion; (5) headache associated with sexual activity; (6) pregnancy; (7) headache in the patient over the age of 50; (8) neurologic findings and/or symptoms; (9) systemic signs and/or symptoms; (10) secondary risk factors, such as cancer or human immunodeficiency virus (HIV) infection. Less worrisome are headaches that wake the patient from sleep at night, always occur on the same side, or show a prominent effect of change in posture on the patient's pain. Diagnostic studies include neuroimaging, cerebrospinal fluid (CSF) examination, and blood tests, which are selected depending on the patient's history and findings. For most patients, the diagnostic test of choice is a magnetic resonance imaging (MRI) brain scan. Computed tomography (CT) of the brain is usually obtained in the setting of trauma or the abrupt onset of headache. CSF examination is useful in diagnosing subarachnoid bleeding, infection, and high and low CSF pressure syndromes.
mimic a primary headache. In fact, virtually all of the primary headache disorder diagnostic criteria include the disclaimer ''not attributed to another disorder'' suggested by the history, and/or physical and neurologic examinations, and recommend that secondary headaches be ''ruled out by appropriate investigations,'' but specific test recommendations are usually lacking.
Criteria for the primary headache disorders require several attacks making it difficult to make a diagnosis after just one or two headaches. Secondary headache disorders may be easily camouflaged in presentations suggestive of or combined with a common primary headache diagnosis. Even when a patient meets criteria for a primary headache disorder, investigations may be required to exclude ominous contributing causes. In fact, many of the other primary headaches (Table 1) can only be diagnosed after potential culprits responsible for secondary headache disorders are ruled out with appropriate testing.
The ICHD-2 classification of secondary headache disorders is organized by causation. In this vein, once the suspicion of a secondary headache disorder is raised, the ICHD-2 criteria recommend confirmatory testing and/or call for improvement in the headache after treatment of the underlying cause. Although the ICHD-2 diagnostic criteria help guide the clinician to a specific diagnosis, they do not provide recommendations for when and how to investigate the individual patient with headache.
When should the patient with headache be investigated? An important strategy to identify or exclude secondary headache disorders is to search for red flags, both in the history and on general and neurologic examinations ( Table 2 ). The presence of any of these worrisome features increases the likelihood that a possible underlying serious medical or neurologic condition may contribute to the headache presentation, and should prompt the clinician to conduct testing. 1, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Other concerning symptoms that should fuel consideration of additional evaluation include three yellow flags ( Table 2 ). The evidence for these features is not as strong as for the red flag indicators.
Although the decision to obtain diagnostic tests on the patient with headache primarily rests on historical features and examination findings, there are nonmedical reasons that affect the decision-making process (Table 3) . 1, 3, 4, 18, 19 
WHEN TO CONSIDER INVESTIGATING THE PATIENT WITH HEADACHE
The accurate diagnosis of headache relies heavily on a careful history, supplemented by detailed general and neurologic examinations. 21, 22 Elements of the history and physical examination enable the clinician to diagnose primary headache disorders, and to elicit suspicion of secondary headache disorders that require prompt investigation. A diagnostic algorithm to guide this process is given in Fig. 1 .
The Red Flags TRAUMA AND HEADACHE
It is important to extract a history of recent and remote head or neck injury in evaluating the patient with headache. 1, 3, 18 Often overlooked, head or neck trauma is, of course, essential for a diagnosis of posttraumatic headache. In addition, its presence should prompt the clinician to exclude hemorrhage (epidural, subdural, subarachnoid, intraparenchymal), 23 and arterial dissection (of a carotid or vertebral artery) 24 as possible causes. Although a short interval between trauma and the onset of headache often facilitates prompt and appropriate neuroimaging, a remote history of trauma relative to headache onset should also raise suspicion of subdural hematoma and arterial dissection. 24 Several case reports of dural venous thrombosis stemming from antecedent head injury with headache being the only symptom should also alert the clinician to this diagnostic possibility. 25 The potential implications of trauma are increased in patients taking antiplatelet or anticoagulation agents or with an underlying bleeding diathesis, coagulopathy, or connective tissue disease, wherein even trivial head injury in the weeks and months prior to headache onset is important. A history of chiropractic manipulation of the cervical spine, though not considered an injury, should be sought given its association with both carotid and vertebral artery dissections. 24 There has been much discussion about the diagnostic utility of computed tomography (CT) in the setting of head trauma. CT brain scans are very likely to show abnormalities in the patient with signs of raised intracranial pressure, altered mental status, skull fracture, seizures, cranial nerve abnormalities, or focal neurologic signs, and studies have shown that up to 30% of patients with a history of head trauma and normal neurologic examination may have associated CT brain scan findings, some of which require immediate intervention. 26, 27 In light of the fact that subdural and even epidural hematomas may develop some time after head injury, it is not unreasonable to consider repeat CT or magnetic resonance imaging (MRI) of the brain in any patient with evolving symptoms, increasing headache, or change in headache who initially presented with normal brain imaging.
HEADACHE FEATURES AS RED FLAGS
There are certain headache features that are considered red flags, including new onset of headache, onset of new headache type, change for the worse in an existing pattern of headache, new level of pain (e.g., ''worst ever''), or abrupt or split-second onset. In a prospective study of patients with new or worsening headache, it was found that headaches of organic origin (39% of the total) had a shorter mean duration (2.9 months) compared with nonorganic headaches (8.2 months) leading the authors to conclude that a headache duration of 6 months is significant. 28 Rapidly increasing headache frequency has been associated with increased frequency of CT imaging abnormalities. 13 It is evident that eliciting important clues in the headache history, such as new onset, new headache type, and worsening headache features (i.e., severity, frequency, change in pattern), is essential to the appropriate selection of patients requiring further testing, usually brain imaging with CT or MRI. The most worrisome headache warning sign that should prompt investigation is the abrupt or split-second onset of headache. 29, 30 These headaches, termed thunderclap headaches, are characterized by the very sudden onset of usually severe pain that typically reaches maximal intensity at or very soon after onset. Thunderclap headache is the characteristic presenting symptom of subarachnoid hemorrhage. 29, 30 An estimated 11 to 25% of patients with thunderclap headache may have bleeding in the subarachnoid space. 31 A small subset of patients may present similarly in the setting of unruptured cerebral aneurysm. 29, 30 Other important etiologies of sudden onset headache that must be considered, include intracerebral hemorrhage, hemorrhage into a mass or an arteriovenous malformation (AVM), arterial dissection, cerebral venous thrombosis, spontaneous intracranial hypotension, reversible cerebral vasoconstriction syndromes, pituitary apoplexy, acute hypertensive crisis, and idiopathic primary thunderclap headache. 2, 29 Primary thunderclap headache can be associated with transient vasospasm and can recur. The abrupt onset of headache obligates further evaluation, and urgent if not emergent noncontrast CT brain imaging is imperative. 2, 29, 30 As the sensitivity of CT imaging to detect subarachnoid hemorrhage is inversely related to the time elapsed following the bleeding event (95% within 24 hours, 74% by day 3, 50% by day 7, 30% by day 14, and nearly 0% after day 21), most authors strongly recommend that a lumbar puncture (LP) be performed (looking for red blood cells and/or xanthochromia) after a negative CT result in patients with suspected subarachnoid hemorrhage. 1, 3, 4, 18, 29, 30, 32, 33 Even if the CT brain scan and cerebrospinal fluid (CSF) examination are normal, the clinician evaluating thunderclap headache should strongly consider obtaining MRI of the brain and MR angiography (MRA) and venography (MRV) of the intracranial and cervical vessels to exclude secondary headache disorders. CT angiography (CTA) and venography (CTV) are comparable to MRA and MRV in this setting. 29, 30, 34, 35 VALSALVA/COUGH HEADACHE Headaches triggered by Valsalva maneuver, cough, or exertion often raise concern of underlying central nervous system (CNS) pathology and warrant investigation. 36 Valsalva-and cough-induced headaches are combined into one entity by the ICHD-2, and should be viewed separately from exertion-induced headaches. In the absence of an underlying cause, both Valsalva/ cough-induced and exertion-induced headaches can occur as primary headache disorders 2 ; only secondary causes of these headache types will be addressed here. Valsalva/cough headache should raise suspicion of a hindbrain malformation or mass lesion, occipitocervical junction disorder, or increased intracranial pressure. [36] [37] [38] In a large prospective series followed clinically and radiographically, 40 out of 68 participants (59%) with Valsalva/cough-induced headache were found to have secondary causes, all of which were due to structural lesions in the posterior fossa, the majority being Chiari malformations. 38 Another case series reported similar findings, with 40% being symptomatic and most having Chiari malformation as the cause. 39 When compared with primary Valsalva/cough headaches, the secondary variety typically began earlier (mean 40 vs. 60 years old), lasted longer (mean 5 years vs. 11 months), were more likely to be located posteriorly, and were associated with symptoms/signs attributable to the posterior fossa. 38 In light of these findings, MRI is recommended to exclude Chiari malformation and other intracranial structural causes that are associated with Valsalva/cough headache.
EXERTIONAL HEADACHE
Exertion-induced headaches can also be attributed to a structural cause. In one case series, 12 of 28 patients presenting with exertional headache had an underlying structural cause. Ten of the 12 had subarachnoid hemorrhage, but only two of the 10 were found to have a bleeding source (aneurysms). 39 Exertional headaches are similar to headaches associated with sexual activity in that both can occur as a primary headache disorder, and each can be associated with migraine. 2, 36, 39 As exertional headache can occur secondary to subarachnoid hemorrhage and arterial dissection, the ICHD-2 deems it mandatory to exclude these conditions on the first occurrence of this type of headache. 2 
HEADACHE ASSOCIATED WITH SEXUAL ACTIVITY
Headache associated with sexual activity should be considered a red flag. This headache subtype is differentiated into pre-orgasmic and orgasmic headaches based on the time course of headache onset. Pre-orgasmic headaches are characterized by pain that builds gradually along with sexual excitement compared with orgasmic headaches where the pain strikes within 5 seconds before or at orgasm. 2, 40 Although orgasmic headache is more worrisome regarding an underlying structural problem such as subarachnoid hemorrhage, it is prudent to evaluate pre-orgasmic as well as orgasmic headache before concluding they are a primary headache associated with sexual activity and not due to underlying structural disease. It is worrisome to note that 4 to 12% of all patients with subarachnoid hemorrhage have onset during sexual activity. 41, 42 The ICHD-2 criteria specifically state that ''On first onset of orgasmic headache it is mandatory to exclude conditions such as subarachnoid hemorrhage and arterial dissection.'' 2 If the patient is being seen very soon after their first attack (i.e., within 48 hours), a CT brain scan followed by LP if the CT scan is negative would be appropriate; the presence of subarachnoid blood would then prompt conventional cerebral angiography. If there is no evidence of bleeding, then one would obtain an MRA or CTA of the cervical and intracranial vessels. If days or weeks have elapsed, then an MRI brain scan with and without gadolinium and MRA or CTA of the cervical and intracranial vessels would be appropriate. Evaluation of the coronary arteries (to rule out headache as an anginal equivalent) and evaluation for pheochromocytoma should be obtained in appropriately selected cases. 42 
PREGNANCY AND HEADACHE
Headache during pregnancy presents a unique challenge to the clinician. Pregnancy often favorably impacts the course of migraine; however, pregnancy and the puerperium predispose women to several life-threatening conditions that often manifest as headache. [43] [44] [45] [46] The causes of secondary headache in pregnancy are numerous, and include preeclampsia, hemorrhagic or ischemic stroke, idiopathic intracranial hypertension, postpartum dural puncture headache, postpartum cerebral angiopathy, pituitary apoplexy, and cerebral venous thrombosis. 46 Pregnant women are particularly susceptible to ominous headache syndromes given their relative hypercoagulable state, especially in the postpartum period. 47 Several diagnostic tools evaluate new onset headache during pregnancy: urinalysis, complete blood count, blood chemistries, liver function tests, CSF analysis (including xanthochromia), and coagulation studies. Brain imaging is an important complement to these studies. An MRI brain scan without gadolinium is safe in all trimesters in pregnancy, and in fact is the preferred imaging modality to search for structural causes of secondary headaches in pregnancy. 48 A CT head scan without contrast is useful to rule out life-threatening conditions such as subarachnoid or intraparenchymal hemorrhage, and is deemed to be fairly safe if radiation exposure to the fetus is less than 1 millirad. 46 
AGE AND HEADACHE
Age is an important factor to consider when evaluating the patient with headache. Several prospective observational studies in the emergency room setting have validated the notion that new onset headache after the age of 50 years is associated with an increased likelihood of intracranial pathology. [49] [50] [51] [52] The data are not entirely surprising given that with increasing age there is heightened risk of many conditions that can present with headache, such as primary and metastatic brain tumors, cerebrovascular disease, and especially giant cell (temporal) arteritis. In the older patient, secondary causes for new headache should be sought, with testing catered to the specific clinical presentation. Brain imaging and blood work, especially erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), are reasonable considerations. A patient of any age with a stable history of headaches dating back decades that can be classified into one of the primary headache disorders, however, need not undergo investigation. 2 [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 53 Unexplained neurologic signs have a higher diagnostic imaging yield than do unexplained neurologic symptoms. 13 In fact, many of these patients would be studied on the basis of their neurologic signs and symptoms even if they did not have headache.
NEUROLOGIC SIGNS AND SYMPTOMS
There is little dispute that patients with headache who have nonmigrainous transient or persistent neurologic symptoms, seizures, reduced level of consciousness, or persistent neurologic signs merit expeditious investigation unless their neurologic symptoms and signs can be explained by another static condition. 1,
SYSTEMIC SIGNS AND SYMPTOMS
A detailed review of systems and complete general medical examination may provide valuable insight into the differential diagnosis of headache. Systemic signs or symptoms such as fever (meningitis, encephalitis, or systemic infection), weight loss (malignancy), scalp artery tenderness (giant cell arteritis), or nuchal rigidity (meningeal irritation by blood, infection, or malignancy) warrant timely investigation that might include brain imaging possibly followed by CSF examination, blood tests (including ESR and CRP), and general medical tests searching for an occult malignancy, systemic infection, or an underlying connective tissue or another inflammatory disorder. 1, 3, 4, 7, 18 SECONDARY RISK FACTORS
The clinician should heed and likely investigate a patient with headache and a personal history of malignancy capable of spread to the central nervous system or at increased risk for malignancy or opportunistic infection, such as an individual with human immunodeficiency virus (HIV) infection and anyone who is immunosuppressed. A history of recent travel (domestic or foreign) should alert the clinician to consider meningoencephalitis secondary to infectious organisms endemic to the region visited as a cause of headache. Marked elevations in blood pressure can cause headache, or may predispose to conditions commonly associated with headache, such as posterior reversible encephalopathy syndrome. In the setting of significant hypertension, an underlying cause of hypertension, such as renal dysfunction or pheochromocytoma, should be sought and targeted therapies initiated. As in the patient over 50 years of age, the patient with a history of cancer or HIV infection may not need investigation of headaches that are long-standing and stable with features consistent with a primary headache disorder.
The Yellow Flags HEADACHE THAT AWAKENS THE PATIENT FROM SLEEP
The yellow flags also warrant attention. Headaches that wake the patient from sleep may signal a serious underlying etiology, and the American Academy of Neurology (AAN) practice parameter recommends consideration of brain imaging for these patients. 13 As nocturnal wakening is common in migraine, paroxysmal hemicrania, cluster headache, short-lasting unilateral neuralgiform headache attacks with conjunctival injection and tearing (SUNCT), hypnic headache, and exploding headache syndrome, night wakening must be taken in the context of the patient's total headache picture. 2, 54 Sleep-related disorders (e.g., obstructive sleep apnea), rebound withdrawal headaches, and poorly controlled essential hypertension can also lead to nocturnal or morning headache, and should be considered. 55, 56 Waking from sleep due to headache may be more worrisome in children than adults.
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NEW ONSET SIDE-LOCKED HEADACHES
New onset headaches that are side-locked (i.e., always occur on the same side) suggest an anatomically circumscribed pathophysiologic mechanism which may be a symptom of intracranial pathology. 58 A recent review of the literature on secondary hemicrania continua 59 identified several important causes including head trauma, postpartum period, internal carotid artery dissection, intracranial aneurysm, intracranial tumor, and nonmetastatic lung carcinoma. 59, 60 The authors noted that a secondary cause was more likely in patients with a short duration of illness, frequent and short-lived exacerbations, recent head or neck trauma, miosis, older age, male gender, smoking history, and constitutional and respiratory symptoms. 59 Patients with the new onset of strictly unilateral headaches that do not have features of one of the primary unilateral headache disorders should be investigated.
POSTURAL HEADACHES
Postural headaches should be considered as a yellow flag for the possibility of an underlying intracranial problem. Headache is the most common clinical manifestation of spontaneous intracranial hypotension, which in the majority of cases stems from a CSF leak. 61 Even in the absence of a recent LP, low CSF pressure syndrome should be highly suspected in any patient whose headaches occur when upright and attenuate on recumbency. Appropriate evaluation includes MRI of the brain with and without contrast. If the characteristic pachymeningeal enhancement and sagging brain are seen, then a search for a CSF leak by means of radioisotope cisternography, MRI of the entire spine, and/or CT or MR myelography is appropriate. A CSF leak is not always found, however. 62 Brain imaging can also exclude other rare causes of positional headache such as intraventricular and posterior fossa tumors. 63 
Medications and Headache
Headache is often an adverse reaction to medications. It is has been estimated that over 1,000 drugs with diverse mechanisms of action can induce headache. 64 Some of the more commonly associated drug classes are listed in Table 4 . Even though headache may be a common theme within a drug class, headache frequency can vary greatly between different agents within any given class. 64 Although most drug-induced headaches occur with therapeutic doses of a drug and are commonly doserelated, headaches may occur on medication withdrawal instead. 65 Two mechanisms of drug-induced headache have been proposed: vasodilatation (e.g., cardiovascular drugs) and intracranial hypertension (e.g., vitamin A or steroid-containing compounds). 66 Aseptic meningitis with associated headache may be caused by medications. Major offending agents include nonsteroidal antiinflammatory drugs, antimicrobials (macrolides, penicillins, fluoroquinolones, antifungals, and antivirals), and intravenous immunoglobulin G. [67] [68] [69] [70] The diagnosis is one of exclusion. The CSF profile seen in drug-related aseptic meningitis is typically a lymphocytic pleocytosis with slightly elevated protein concentration, normal glucose concentration, and no evidence of infectious organisms. 64 An immunologic mechanism has been postulated for drug-induced aseptic meningitis. [67] [68] [69] [70] A thorough review of medications, paying particular attention to recently added or discontinued drugs, is important in the evaluation of a patient with headache.
HOW TO INVESTIGATE THE PATIENT WITH HEADACHE
There are several diagnostic tests available to the clinician to evaluate the patient with headache. Prior to subjecting the patient to a barrage of studies, the suspicion of a secondary headache syndrome should be sufficiently high. The red and yellow flags, as outlined in the previous section, should serve as a guide in this regard.
Imaging Studies CT AND MRI
Neuroimaging is the most sensitive diagnostic tool in patients with headache. As incidental brain findings on CT and/or MRI are common in the general nonheadache population, 71 the use of brain imaging should be limited to patients with headache who have an appropriate indication. 3, 4, 13, 14, 18, [72] [73] [74] Considerations that direct the clinician to order CT or MRI include (1) the need to identify acute hemorrhage (CT preferred); (2) the need to evaluate the posterior fossa (MRI preferred); (3) general availability (CT more readily available); and (4) cost (CT is less expensive). 4 MRI is more sensitive than CT scanning in identifying intracranial pathology. Table 5 shows the relative strengths of MRI and CT in revealing various pathologic intracranial processes. Although older AAN practice parameters for nonacute headache (i.e., headache present for at least 4 weeks) could find no evidence that MRI was superior to CT, 9,13 an evidencebased review from the EFNS Task Force and others recommend MRI and not CT for appropriate patients with nonacute headache. 4, 72 MRI is likely to reveal more than CT; however, many of the abnormalities will be incidental, including nonspecific white matter lesions and developmental venous anomalies. 71, 75 PLAIN X-RAYS Plain x-ray films are not indicated in the routine evaluation of the headache patient. In the setting of head and/ or neck trauma, cervical spine x-rays can be obtained, with flexion and extension, odontoid, and pillar views added to help exclude or confirm ligamentous injury, instability, and fractures. Cervical x-rays can be helpful if there is suspicion of a cervicogenic contribution to the patient's headache, such as craniocervical or C1-2 subluxation in rheumatoid arthritis or significant mid and upper cervical spondylosis. Panoramic x-ray examination of the temporomandibular (TMJ) joints and dental xrays can be useful to exclude TMJ and dental pathology, respectively, as possible causes and/or aggravators of the headache disorder.
CEREBRAL ANGIOGRAPHY
Cerebral angiography is seldom useful for the initial investigation of headache. It does, however, play an important role in nontraumatic subarachnoid hemorrhage where it can identify intracranial aneurysms and arteriovenous malformations (AVMs), and in the diagnosis of arterial dissection. Although MRA and CTA are useful for diagnosing CNS vasculitis of large-and medium-sized vessels, conventional cerebral angiography is necessary to exclude vasculitis affecting smaller arteries.
MYELOGRAPHY AND RADIOISOTOPE CISTERNOGRAPHY
CT or MR myelography and radioisotope cisternography have a key role in determining the presence and location of spontaneous, posttraumatic, or postoperative CSF leaks when MRI brain findings point to a low CSF pressure syndrome.
CSF Examination
CSF studies are a useful adjunct to neuroimaging in select situations when investigating the patient with headache. It has been estimated that 5% of patients with subarachnoid hemorrhage will have a negative CT scan soon after headache onset, with the sensitivity declining precipitously over the subsequent days to weeks. In this instance, examining the CSF for red blood cells and xanthochromia is of paramount importance. Some studies suggest that xanthochromia is better detected by spectrophotometry than by visual inspection; nevertheless, the latter method has recently been shown to have a high positive predictive value for the presence of aneurysm on cerebral angiography. 4, 32 Xanthochromia is not entirely specific for antecedent hemorrhage, and can also be seen in a traumatic LP (red blood cell [RBC] count more than 100,000/mm 3 ), hyperbilirubinemia, elevated CSF protein (>150 mg/dL), dietary hypercarotenemia, purulent CSF, and meningeal melanomatosis. 4 Red blood cell and total nucleated white blood cell (WBC) counts should also be obtained when suspecting subarachnoid hemorrhage, as both have been demonstrated to be significantly elevated in patients with angiographically documented ruptured aneurysms. 32 It is important to note that initially the ratio of WBCs to RBCs in the CSF is proportionate to the number of WBCs to RBCs in the bloodstream. Over time, however, the presence of RBCs in the CSF provokes a relative increase in the number of WBCs in the CSF. The possibility of a traumatic LP is evaluated by performing cell counts on serial tubes looking for a rapidly falling RBC count. If the RBC count in the final tube is not close to zero, simultaneous traumatic LP and spontaneous subarachnoid hemorrhage are possible. 76 In patients whose suspected bleeding occurred greater than 12 hours beforehand, cell-free CSF should be examined for xanthochromia. The presence of xanthochromia in the absence of subarachnoid bleeding due to head injury should influence the clinician to search for an aneurysm or AVM.
Cerebrospinal fluid examination is also helpful in evaluating for noninfectious inflammation, infectious meningitis or encephalitis, meningeal carcinomatosis or lymphomatosis, and confirming increased pressure (e.g., benign intracranial hypertension) or a low CSF pressure syndrome. To explore fully the differential diagnosis of headache, CSF studies should always include an opening pressure, red and white blood cell counts and white cell count differential, protein and glucose concentrations (with coincident serum glucose determination for comparison if there is any concern about infectious or malignant meningitis), and possibly include cultures (bacterial, viral, and/or fungal), cytology and flow cytometry, condition-specific antibodies (Lyme disease, syphilis), and polymerase chain reaction testing for specific infectious agents, as clinically indicated. If the suspicion of bacterial meningitis is high, then blood cultures should be obtained without delay and empiric intravenous antibiotics should be started soon thereafter. Lumbar puncture should be the next study completed, unless focal neurologic signs suggesting an underlying intracranial mass lesion dictate that emergent brain imaging be obtained prior to CSF collection. The evaluation of suspected low CSF pressure syndrome and suspected benign intracranial hypertension should entail MRI brain with and without gadolinium prior to LP.
Electrophysiologic Testing
There is no role for electroencephalography or evoked potentials in the evaluation of the patient with headache. 72, 77 There is no evidence to justify autonomic testing or transcranial Doppler examination in the patient with headache. 72 In the patient who wakes from sleep due to headache, polysomnography can be useful to look for a treatable sleep disturbance if there is no indication of a primary headache disorder associated with nocturnal wakening, depression, or medication/ caffeine rebound withdrawal headaches. 55 As nocturnal wakening from headache can also result from carbon monoxide poisoning, the possibility of a faulty furnace should be explored.
General Medical Tests
There are several tests outside of neuroimaging and CSF analysis that are important to consider in certain patients with headache. In a patient older than 50 years who presents with headache, one must consider the possibility of giant cell arteritis. Corroborating clinical features of this diagnosis include decreased pulsation and/or tenderness and/or thickening of the superficial temporal arteries, jaw and/or tongue claudication, and constitutional symptoms. Elevation of the ESR, often to 100 mm per hour or higher, and increased CRP are frequently encountered in giant cell arteritis. CRP is less influenced by age and gender than is ESR. 3, 4, 18, 78 A normal ESR does not exclude the condition, as 4% of patients with positive findings on temporal artery biopsy have a normal ESR. 78 Thrombocytosis is also often seen. 79 Temporal artery biopsy demonstrating characteristic vasculitic changes confirms the diagnosis.
Other medical causes and associated tests to consider in the patient with headache include insulinoma (episodic headache associated with unusual behavior or impairment of consciousness) with elevated serum insulin and C-peptide levels and low fasting glucose level, carbon monoxide poisoning with elevated carboxyhemoglobin determination, drug and alcohol overuse or abuse with positive urine or blood testing, hypothyroidism with thyroid function tests, and pheochromocytoma with plasma fractionated metanephrine levels and 24-hour urine fractionated metanephrine and catecholamine levels. Rarely, current or former smokers can present with intractable face or head pain, often including the ear (84%), which is found to be due to an underlying ipsilateral lung tumor without CNS involvement. Seventy-seven percent of reported patients have had an elevated ESR, and the tumor is found on chest x-ray or CT scan of the chest (20% of chest x-rays may be unrevealing). 80 
Special Examinations and Consultations
There are certain instances in which the expertise of subspecialists should be considered in the evaluation of the patient with headache. Help from ophthalmology may be useful to exclude glaucoma when head and/or eye pain is accompanied by conjunctival injection or corneal clouding. In this circumstance, formal visual field testing, tonometry, slit-lamp, and other specialized examinations are informative. A dentist or oral surgeon should be enlisted if pain of dental or temporomandibular joint origin is suspected. The diagnosis of tumors of the sinuses, nasopharynx, and neck, and inflammatory sinus disease is facilitated by an otorhinolaryngologist. In selected cases where headache may be the manifestation of a chronic pain disorder, consultation with psychiatry can be helpful for diagnosis and management.
The Adverse Effects of Investigation
In the evaluation of headache, the investigations to which patients are subjected are not without risk. A single head CT may slightly increase the lifetime risk of death from cancer attributable to exposure to radiation. 81 In susceptible individuals, there is a risk of anaphylaxis and renal insufficiency when iodinated contrast material is administered. Brain MRI is also associated with risk. In a Dutch population-based study, brain MRI studies of 2000 asymptomatic individuals detected a substantial number of incidental findings including brain infarcts (7.2%), cerebral aneurysms (1.8%), and benign primary tumors (1.6%). 71 Incidental findings provoke worry, fear, and often additional interventions, along with follow-up testing to monitor the incidental finding, none of which helps the patient with headache. Nephrogenic systemic fibrosis is a noteworthy complication of MRI studies in which a gadolinium-containing contrast agent is given to individuals with impaired renal function. 82 Diagnostic cerebral angiography poses risks ranging from access-site hematomas (4.2%), to strokes with permanent disability (0.14%) or even death (0.06%). 83 A procedure as ''benign'' as LP may be complicated by post-LP headaches, a persistent CSF leak, bleeding, low back pain, and rarely, infection. These important caveats serve not to deter the clinician from investigating a patient with headache, but to remind the clinician that the selection of diagnostic tests should be tailored to a given patient's unique circumstances and justified by medical need.
CONCLUSIONS
Headache imposes a substantial burden on individual headache sufferers, and is the leading reason for neurologic consultation. The clinician is faced with the challenge of distinguishing between primary and secondary headache disorders so that selected patients undergo appropriate testing. A detailed clinical history and complete general and neurologic examinations, with special attention to the red and yellow flags, are fundamental to this process. In most instances, the systematic selection of investigations targeted to the specific clinical nuances surrounding the individual patient with headache will reduce unnecessary testing, minimize the detection of clinically insignificant findings, and decrease extraneous costs. The mastery of ''when and how to investigate the patient with headache'' will instill confidence and reassure the patient and provider alike.
